Background Health literacy is the ability to obtain, process, and understand health information needed to make appropriate health decisions. The proper comprehension by patients regarding a given disease, its treatment, and the physician's instructions plays an important role in shared decision-making. Studies have disagreed over the degree to which differences in health literacy affect patients' preferences for shared decisionmaking; we therefore sought to evaluate this in the context of shared decision-making about carpal tunnel release. Questions/purposes (1) Do patients with limited health literacy have different preferences of shared decisionmaking for carpal tunnel release than those with greater levels of health literacy? (2) How do patients with limited health literacy retrospectively perceive their role in shared decision-making after carpal tunnel release? Methods Over a 32-month period, one surgeon surgically treated 149 patients for carpal tunnel syndrome. Patients were eligible if they had cognitive and language function to provide informed consent and complete a self-reported questionnaire and were not eligible if they had nerve entrapment other than carpal tunnel release or had workers compensation issues; based on those, 140 (94%) were approached for study. Of those, seven (5%) were lost to followup before 6 months, leaving 133 for analysis here. Their mean age was 55 years (range, 31-76 years), and 83% (111 of 133) were women. Thirty-three percent (44 of 133) of patients had less than a high school education. Health literacy was measured according to the Newest Vital Sign during the initial visit, and a score of # 3 was considered limited health literacy. Forty-four percent of patients had limited health literacy. The Control Preferences Scale was used for patients to indicate their preferred role in surgical decision-making preoperatively and to assess their perceived level of involvement postoperatively. Bivariate and multivariable analyses were performed to determine whether Each author certifies that neither he, nor any member of his immediate family, have funding or commercial associations (consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research® editors and board members are on file with the publication and can be viewed on request. Each author certifies that his institution approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. This work was performed at Ewha Womans University Mokdong Hospital, Seoul, Korea; and Gil Medical Center, Incheon, Korea. patients' clinical, demographic, and health literacy factors accounted for the preoperative preferences and postoperative assessments of their role in shared decision-making. A total of 133 patients would provide 94% power for a medium effect size for linear regression with five main predictors. Results We found no differences between patients with lower levels of health literacy and those with greater health literacy in terms of preferences of shared decision-making for carpal tunnel release (3.0 6 1.6 versus 2.7 6 1.4; mean difference, 0.3; 95% confidence interval, -0.2 to 0.8; p = 0.25). A history of surgical procedures (coefficient = -0.32, p < 0.01) and a lower Disabilities of the Arm, Shoulder and Hand score (coefficient = 0.17, p = 0.02) were independently associated with a preference for an active role in shared decisionmaking. However, patients with limited health literacy (coefficient = -0.31, p = 0.01) and an absence of a caregiver (coefficient = -0.28, p = 0.03) perceived a more passive role in actual decision-making. Conclusions Physicians should be aware of the discrepancy between preferences and perceptions of shared decision-making among patients with limited health literacy, and physicians should consider providing a decision aid tailored to basic levels of health literacy to help patients achieve their preferred role in decision-making. Level of Evidence Level II, prognostic study.
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Introduction
Health literacy is defined as the ability to obtain, process, and understand health information needed to make appropriate health decisions [18] . Health literacy includes such skills as the ability to comprehend prescription bottle labels, follow written and oral health instructions, and understand physician dialogue, and it may be significantly lower than their general literacy level [2] . A 2006 study by the US Department of Education found that 36% of adults have only basic or below basic literacy skills in dealing with health-related materials [30] . Individuals with limited health literacy are more likely to be hospitalized and make medication errors, and they are less likely to obtain preventive care and know how to manage their health problems [4] .
Shared decision-making refers to the process by which the physician and informed patient make a shared medical decision that takes into account the preferences and values of the patients [28] , and it is well established as the best practice to improve both patient satisfaction and goaldirected care, especially in patients with diseases that affect quality of life, including orthopaedic diseases, rather than those related to a life-threatening condition [13] . Patients' involvement in surgical decision-making should be based on patients having a proper understanding of their medical condition [18, 28] . However, many patients have difficulty in understanding their medical conditions, medications, and instructions; and these circumstances may be exacerbated by the fact that physicians overestimate the health literacy of their patients [18] .
Patients who are informed and involved in their health care demonstrate improved decision-making and better health outcomes [22] . However, studies have disagreed over the degree to which differences in health literacy affect patients' preferences for shared decision-making [1, 2, 12] ; we therefore sought to evaluate this in the context of shared decision-making about carpal tunnel release. Although the general indication for surgical treatment for carpal tunnel syndrome (CTS) is a lack of symptomatic improvement after conservative treatment, the decision to undergo surgery is multifactorial and is based on a mutual decision between the patient and the surgeon [27] .
We attempt to assess patients' preferred and perceived role in shared decision-making in relation to their health literacy. This study sought to answer the following questions: (1) Do patients with limited health literacy have different preferences of shared decision-making for carpal tunnel release than those with greater levels of health literacy? (2) How do patients with limited health literacy retrospectively perceive their role in shared decision-making for carpal tunnel release?
Patients and Methods
This study was approved by our institutional review board. Between July 2013 and March 2016, one surgeon (YHR) surgically treated 149 patients for carpal tunnel syndrome at an urban tertiary referral hospital. Patients were eligible if they had cognitive and language proficiency to provide informed consent and complete a self-reported questionnaire and were not eligible if they had nerve entrapment other than CTS, previous carpal tunnel surgery, or workers compensation issues; based on those, 140 (94%) were approached for study. Of those, seven (5%) were lost to followup before 6 months, leaving 133 for analysis here (Table 1) . Their mean age was 55 years (range, 31-76 years), and 83% (111 of 133) were women. Thirty-three percent (44 of 133) of patients had less than a high school education. The average duration of symptoms before surgery was 32 months.
The CTS diagnosis was based on the clinical history and symptoms of CTS with confirmation by nerve conduction studies. The history and symptoms included paresthesia and/or pain in at least two of the median nerve-innervated fingers. Other symptoms include weakness and loss of dexterity of the hand. A physical examination for sensory loss, decreased thenar muscle strength, Tinel's sign, and Phalen's test was used to reinforce the diagnosis.
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For shared decision-making, we discussed the disease status, electrodiagnostic study findings, and usual disease course with patients in a standard fashion and provided a brochure explaining CTS and surgery. We tried to help patients understand the clinical evidence available on CTS and help them identify their values and preferences. We generally recommended surgery when symptoms of tingling, pain, or weakness did not improve after at least 3 months of treatment with an orthosis and/or corticosteroid injections. We explained the surgical procedure of open carpal tunnel release, which would be performed under local anesthesia; the postoperative treatment with immobilization in an orthosis for 2 days without formal physiotherapy; and the likely functional outcomes, including the degree of symptom relief and possible complications such as pillar pain and transient weakness.
A research assistant (MKC, trained nurse) measured the health literacy orally and in person using the Newest Vital Sign (NVS) [20, 29] . The NVS was published by Weiss et al. [29] . The assessment is comprised of a six-item questionnaire on health literacy and numeracy. Patients can receive a total score of 6, and in the present study, a score of # 3 was considered limited health literacy like in the original NVS study [29] . Forty-four percent of patients had limited health literacy. The NVS was originally validated against the Test of Functional Health Literacy in Adults (TOFHLA) [25, 26] . The NVS assesses risk for lower health literacy rather than health literacy and a score of # 3 has a sensitivity of 100% and a specificity of 64% for predicting limited health literacy (TOFHLA score < 75) [29] .
We used the Control Preferences Scale to assess the roles that patients want to play or have perceived during the process of treatment decision-making [11] . The Control Preferences Scale consists of five items that determine different roles in decision-making. Patients rankorder five possible approaches to decision-making, resulting in a score that scales from 1 (most active role) to 6 (most passive role). A score of # 3 indicates a preference for shared decision-making [11] . The Control Preferences Scale has been tested in various populations and has been shown to be clinically relevant, reliable, and valid as an instrument to measure the decisional control preferences [10, 21] . As we did in our previous study [13] , patients who agreed to participate in the study were asked to indicate their preferred decision-making role regarding CTS treatment before consultation for surgery, and they were asked the roles that they perceived during decision-making about surgery 2 weeks postoperatively at the clinic visit.
The study participants were also asked to complete the Quick Disability of the Arm, Shoulder and Hand score (QuickDASH) [3] preoperatively and 6 months after surgery, respectively. The QuickDASH has been shown to be both reliable and valid in patients with upper extremity disorders, and it has similar reliability as that of the original DASH [15] . The QuickDASH correlates with patient satisfaction after carpal tunnel decompression and is a responsive tool that can be used to assess the outcome of surgery [7] .
As we did in our previous study [13] , the confounding variables examined included: comorbidities such as diabetes mellitus, thyroid disease, hypertension, and rheumatoid arthritis; a history of a surgical procedure; the existence of a caregiver; private insurance; education level; and whether they thought medical costs were burdensome (Table 1) . These variables were chosen from previous studies investigating factors associated with patients' preferred style of medical decision-making [6, 9] . The existence of comorbidities, a caregiver, and private insurance was directly measured using a yes or no answer. Whether the patient thought medical costs were burdensome was rated by the patient on a 5-point Likert scale with responses of ''strongly agree'' and ''agree'' interpreted as indicating "yes" and ''neutral,'' ''disagree,'' and ''strongly disagree'' interpreted as indicating "no." 
Statistical Analysis
A power analysis indicated that the sample consisting of 133 patients would provide 94% statistical power with an a of 0.05 for a medium effect size (F 2 of 0.15) for a regression with five main predictors.
Descriptive statistics were calculated to determine the patients' demographic and clinical characteristics. The relationships between potential predictors (age, gender, comorbidities, history of surgical procedure, existence of a caregiver, education level, burdensome medical cost) and patients' preferred and perceived role in shared decisionmaking were determined using an independent t-test or a one-way analysis of variance for categorical potential predictors and using a correlation coefficient for continuous predictor variables. Bivariate predictors with a p value < 0.1 in the bivariate analysis were selected as candidates for the multivariable linear regression model to prevent model overfitting. The categorical variables were dummycoded with the subgroup for the largest sample size considered the reference group.
Results
There were no differences between patients with lower levels of health literacy and those with greater health literacy in terms of preferences of shared decision-making for carpal tunnel release (3.0 6 1.6 versus 2.7 6 1.4; mean difference, 0.3; 95% confidence interval [CI], -0.2 to 0.8; p = 0.25). After controlling for potential confounding variables such as age and existence of a caregiver, we found that only a history of surgical procedures (coefficient = -0.32, p < 0.01) and a lower DASH score (coefficient = 0.17, p = 0.02) were independently associated with a preference for a more active role in shared decision-making (Table 2) .
Patients with limited health literacy perceived a more passive role in shared decision-making postoperatively (3.8 6 1.7 versus 2.8 6 1.5; mean difference, 1.0; 95% CI, 0.5-1.5; p < 0.001). After controlling for potential confounding variables such as age, education level, and fear of burden imposed by medical costs, we found that patients with limited health literacy (coefficient = -0.31, p = 0.01) and absence of a caregiver (coefficient = -0.28, p = 0.03) were more likely to perceive a more passive role in shared decision-making after carpal tunnel release ( Table 2) .
Discussion
Participation in the decision-making process and health literacy may both affect health outcomes. However, studies have disagreed over the degree to which differences in health literacy affect patients' preferences and perceptions for shared decision-making. In this study, we tried to determine whether patients' preferred role and their perceived experience for shared decision-making are related to their level of health literacy. We found that patients with limited health literacy had a similar preference for shared decisionmaking but perceived a more passive role in surgical decision-making for carpal tunnel release than patients with greater health literacy. In addition, patients who had lower DASH scores (indicating less severe symptoms) and a history of a surgical procedure preferred an active role in surgical decision-making. These results suggest that for those with limited health literacy there is a discrepancy between perception of interest and active participation in shared decision-making, and a physician should consider providing decision aids tailored to basic levels of health literacy to help them achieve their preferred role in decision-making.
There was a number of limitations to our study. First, this study was conducted on patients of a single ethnic population drawn from an urban area of South Korea, who were treated by one physician. Cultural and healthcare system differences, method of consultation, and the doctorpatient relationship may affect patient preferences or perceptions of decision-making. Second, patients were enrolled when they had above minimal literacy to provide informed consent and complete a self-reported questionnaire; thus, our population of patients may not represent the average population having CTS, which limits generalizability of the study findings. Third, one could argue that other tools can be used to assess health literacy that may be more health-related, although using the NVS is a proven method of basic health literacy. Although various valid and reliable health literacy assessment tools are available for predominantly research purposes, time constraints often limited their use in busy clinical settings. The NVS can be administered in < 3 minutes and it was considered useful in busy clinical settings. Fourth, we surveyed patients regarding their perception of decisionmaking 2 weeks after surgery, which may have contributed to recall bias. However, the early postoperative period with pain and the degree of symptomatic change may affect a patient's perception of involvement in the decision. Fifth, our sample size was small and our cohort was mainly composed of women. Although gender was not associated with patients favoring any decisional style in the present study, analysis for gender effect on decision-making style might be underpowered. No differences were observed between patients with lower levels of health literacy and those with greater health literacy in terms of preferences of shared decision-making for carpal tunnel release. Previous studies demonstrated that patients with limited health literacy may have less desire to participate in the decision-making process and may have different preferences for shared decision-making [1, 12] , but this study demonstrates that shared decisionmaking was preferred by both patients with limited health literacy and those with greater health literacy. One possible reason for the discordance is that factors associated with preferred level of participation in medical decisions could be disease-or population-specific [5] . With regard to CTS, a disease in which the diagnosis is generally made based on clinical symptoms and for which there are treatment options, a study showed that the majority of patients wanted to share their decision-making for surgery [13] . On the contrary, other studies have shown high preferences for a passive role in decision-making in patients with cancer [8, 10] . Patients who have received a serious diagnosis and feel vulnerable may not want the responsibility of being involved in decision-making. In addition, all patients in this study had above minimal literacy to provide informed consent and completed a self-reported questionnaire; their level of health literacy may differ from that of a general community population. We found that patients with limited health literacy perceived a more passive role in shared decision-making for carpal tunnel release than those with greater health literacy, even when they had similar preferences for shared decision-making. The provider may not have done a good enough job of informing the patients in a way they can understand to allow the patient to participate. Alternatively, some patients may not prefer to be as actively involved in decision-making, particularly if psychosocial barriers coexist with limited health literacy, which can hinder patient-physician interaction; however, this explanation is speculative, and we did not specifically study other psychosocial barriers. Future studies might consider doing so. Providing patients with their desired level of involvement in decision-making is an important part of improving patient engagement and clinical results [24] , and future studies are required to determine whether meeting patients' preferences actually results in better outcomes in CTS. In this regard, decision aids that are appropriate for patients with limited health literacy might help them achieve their preferred role in decision-making [16, 19, 23] . A physician should consider informing and recommending treatment programs for CTS with concise explanations tailored to basic levels of health literacy. Some studies have demonstrated the benefits of more active patient participation in patient-reported outcomes [14, 17] , but in the present study, there was no difference in the postoperative DASH scores between patients with limited health literacy and those with greater health literacy. This mirrors the results of most previous studies [14, 17] including patients with chronic disease in which patients' compliance with medication and lifestyle modifications is important. Relative to such chronic medical conditions, we consider carpal tunnel release to be a relatively simple, straightforward procedure that does not require strict patient compliance with a postoperative rehabilitation program. Thus, outcomes should not depend much on patients' behavior or on a more active participation style.
No differences were observed between patients with lower levels of health literacy and those with greater health literacy in terms of preferences of shared decision-making for carpal tunnel release, but patients with lower levels of health literacy perceived a more passive role in surgical decision-making for carpal tunnel release than patients with greater health literacy. Physicians should be aware of the discrepancy between preferences and perceptions of shared decision-making among patients with limited health literacy, and physicians should consider providing a decision aid tailored to basic levels of health literacy to help patients achieve their preferred role in decision-making. Future research should help determine the best way to inform patients with limited health literacy so they feel adequately involved in the decision-making process.
